ABSTRACT: Dietary Ca concentrations were manipulated during supplementation of zilpaterol hydrochloride (ZH) to evaluate impact on feedlot performance, carcass characteristics, and beef tenderness using 96 heifers (BW 392 kg ± 3.2). We hypothesized that temporary depletion followed by repletion of dietary Ca before harvest would increase intracellular Ca concentrations, thus stimulating postmortem activity of Ca-dependent proteases to effect changes in tenderness. Heifers were stratified by initial BW and randomly assigned, within strata (block), to treatments consisting of a finishing diet in which Ca was added in the form of limestone (+Ca) or removed (−Ca) during ZH supplementation. Cattle were fed a common diet, including limestone, before ZH supplementation, and 28 d before slaughter, ZH was added to the diet with and without supplemental Ca. Calcium content of the diets during ZH supplementation was 0.74% or 0.19% (diet DM) for +Ca and −Ca, respectively. Zilpaterol hydrochloride was fed for 25 d then removed from the diet 3 d before harvest. The final 3 d before harvest, all cattle were fed Ca at 0.74% of diet DM. Heifers were housed in concrete-surfaced pens with 8 animals/pen (6 pens/treatment). At the end of the finishing phase, animals were weighed and transported to an abattoir in Holcomb, KS. Severity of liver abscesses and HCW were collected the day of harvest, and after 48 h of refrigeration, USDA yield and quality grades, KPH, LM area, and 12th-rib subcutaneous fat thickness were determined. Boneless loin sections were also collected for Warner-Bratzler shear force determination. Removal of Ca did not affect Warner-Bratzler shear force values (P = 0.64). In addition, ADG, DMI, final BW, and feed efficiency were unaffected by treatment (P > 0.05). Carcass measurements also were unaffected by the temporary decrease in dietary Ca (P > 0.05).
INTRODUCTION
The addition of a zilpaterol hydrochloride (ZH) to diets of finishing cattle has consistently demonstrated a decrease in meat tenderness (Leheska et al., 2009; Shook et al., 2009; Garmyn et al., 2010) . Tenderness is one of the most important characteristics for consumer acceptance of meat (Koohmaraie, 1992) . The calpain proteolytic system consists of Ca-dependent proteolytic enzymes m-calpain and µ-calpain and the inhibitor calpastatin (Goll et al., 1998) and is mostly responsible for tenderization of meat (Koohmaraie, 1992) . It has been demonstrated that increasing the Ca ion concentration in skeletal muscle increases activation of the calpain enzymes resulting in increased myofibrillar protein degradation and increased tenderness (Gerelt et al., 2005) . Calcium chloride has been infused into carcasses (Koohmaraie et al., 1988; Morgan et al., 1991) rition in dairy cattle resulted in decreased incidences of milk fever (Boda and Cole, 1954; Hillman, 1967) and has been utilized as a method to control the incidences of milk fever (Thilsing-Hansen et al., 2002) . Decreased dietary Ca stimulates parathyroid hormone (PTH), which is necessary for Ca reabsorption from glomerular filtrate and resorption of Ca stored in bone (Horst et al., 1997; DeGaris and Lean, 2008) . We hypothesized that temporary depletion of dietary Ca could be exploited to increase bone resorption and, when followed by repletion of normal dietary Ca concentration, elevate intracellular Ca concentration temporarily, thus stimulating postmortem activity of Ca-dependent proteases. The objective of our study was to temporarily deplete dietary Ca during ZH administration in an effort to overcome the adverse effects of ZH on meat tenderness as a possible feedlot management scheme.
MATERIALS AND METHODS

Animals and Sampling
Protocols and procedures followed in this study were approved by the Kansas State University Institutional Animal Care and Use Committee. The study was conducted at the Kansas State University Beef Cattle Research Center in Manhattan, KS.
Ninety-six crossbred heifers (initial BW = 392 kg ± 3.2) were stratified by BW and randomly allocated, within strata, to 2 treatment groups for a 116-d finishing trial. Heifers were identified using ear tags that displayed a number unique to each study animal. Cattle were allotted to feeding pens equipped with concrete floors, fence-line feed bunks, and automatic water fountains with 8 animals/pen (6 pens/treatment). Heifers were fed once daily to allow ad libitum intake of feed. A pre-ZH diet (0.78% Ca, DM basis; typical concentration of finishing cattle diets) was fed until the final 28 d of finishing, at which time ZH (Merck Animal Health, Millsboro, DE) was included in the diet. Zilpaterol hydrochloride was fed at a rate of 8.33 mg/kg of diet DM for a period of 25 d, then withdrawn from diets 3 d before harvest. Treatments consisted of diets containing supplemental Ca (+Ca; 0.74% of DM) in the form of limestone or a diet from which limestone had been removed (−Ca; 0.19% diet DM) during ZH supplementation. Diets are presented in Table 1 . The final 3 d before harvest, cattle were fed a common diet containing 0.74% Ca (DM basis).
Feed deliveries to each pen were monitored daily, and unconsumed feed was removed from the bunk, weighed, and dried at weekly intervals or as needed to determine actual feed DMI. Feedstuffs were sampled weekly and analyzed for DM, starch, NDF, CP, and ether extract. Portions of ground samples of feedstuffs were dried in a forced-air oven at 105°C overnight to determine DM (Undersander et al., 1993) . Starch contents of feedstuffs were determined according to Herrera-Saldana and Huber (1989) with a Technicon Autoanalyzer III (SEAL Analytical, Mequon, WI). Determination of NDF was conducted using an ANKOM fiber analyzer (ANKOM Technology Corp., Fairport, NY) according to Van Soest et al. (1991) . Heat-stable -amylase (ANKOM Technology Corp.) was added to remove residual starch from feedstuff samples. Determination of CP was accomplished by measuring N content with a LECO FP-2000 nitrogen analyzer (LECO Corp., St Joseph, MI) following AOAC (1995) official method 990.03. Ether extract was performed according to AOAC (1995) official method 920.39.
Average daily gains were computed by subtracting pre-ZH shrunk BW from final shrunk BW (gross BW × 0.96) and dividing by days on feed. Gain efficiencies were computed by dividing ADG by DMI. Body weights were measured for each pen at 28-d intervals to determine the proper time for ZH supplementation. Body weights were measured before ZH supplemen- 1 +Ca = diet containing supplemental Ca; −Ca = diet from which limestone had been removed; ZH = zilpaterol hydrochloride.
2 Small amounts of Ca were contained in the dry rolled corn, corn silage, wet corn gluten feed, and soybean hull pellets which consisted of 0.19% Ca (diet DM).
3 Formulated to provide 300 mg/d monensin and 90 mg/d tylosin (Elanco Animal Health, Greenfield, IN) and 0.5 mg melengestrol acetate (Elanco Animal Health, Greenfield, IN) in a ground corn carrier, Zilpaterol-HCl (Merck Animal Health, Millsboro, DE) was fed for 25 d at 8.33 mg/kg of diet DM followed by a 3-d withdrawal before harvest. 4 Formulated to provide 2200 IU/kg vitamin A, 22 IU/kg vitamin E, 10 mg/kg added Cu, 60 mg/kg added Zn, 60 mg/kg added Mn, 0.5 mg/kg added I, 0.25 mg/kg added Se, and 0.15 mg/kg added Co. tation and shrunk final BW (gross BW × 0.96) were determined immediately before cattle were shipped on the day of harvest. Heifers were harvested when they achieved an estimated 12th-rib subcutaneous fat thickness of 1 cm. Heifers were then loaded onto a truck and transported 451 km to a commercial abattoir in Holcomb, KS. Incidence and severity of liver abscesses and HCW were recorded the day of harvest. Liver abscesses were scored according to the Elanco scoring system (Liver Abscess Technical Information AI 6288, Elanco Animal Health, Greenfield, IN): 0 = no abscesses; A  = 1 or 2 small abscesses or abscess scars; A 0 = 2 to 4 small, well-organized abscesses; and A + = 1 or more large or active abscesses with or without adhesions. Yield grade, quality grade, marbling score, 12th-rib subcutaneous fat thickness, LM area, percentage KPH, and incidence and severity of dark cutting beef were determined after 48 h of refrigeration. Finally, a 5.08-cm steak weighing approximately 800 g was collected from the 13th rib face of the longissimus lumborum on 1 side of each carcass, placed on ice, and transported to Kansas State University, Manhattan, KS.
Warner-Bratzler Shear Force and Moisture Determinations
Steaks were refrigerated overnight at 1°C after arrival at Kansas State University. The following day, samples were weighed and placed into 15.2 × 30.4-cm vacuum bags (3-mil standard barrier, Prime Source Vacuum Pouches; Bunzl Processor Division, Koch Supplies, Kansas City, MO) that had an oxygen transmission rate of 3.5 g × 645 cm 2 × 24 h 1 at 21°C and a water vapor transmission rate of 0.6 mL × 645 cm 2 × 24 h 1 at 38°C. The bags were sealed and steaks were subsequently aged 14 d at a temperature of 1°C, which is within the range of aged beef identified by the national beef tenderness survey (Guelker et al., 2013) . Following aging, steaks were removed from the bags, patted dry using paper towels, and weighed. Percentage purge loss was calculated as: [(pre-aged weight -aged weight)/pre-aged weight] × 100. Before cooking, a single 2.54-cm steak was removed from the 13th rib face for Warner-Bratzler shear force (WBSF) determination.
Steaks for WBSF were weighed and then cooked in a Blodgett oven (model DFG-102, G.S. Blodgett Company, Inc. Burlington, VT) at a temperature of 163°C. Thermocouple wires (30-gauge copper and constantan; Omega Engineering, Stamford, CT) were inserted into steaks and internal temperatures were monitored using a Doric Minitrend 205 (VAS Engineering, San Francisco, CA). Steaks were turned when internal temperature reached 40°C and removed from the oven when an internal temperature of 70°C was achieved. Steaks were allowed to temper for handling and then reweighed to calculate percentage moisture loss during cooking as: [(raw weight -cooked weight)/raw weight] × 100. Steaks were then covered with plastic wrap and refrigerated at approximately 3 to 4°C for 24 h. Following 24 h of refrigeration, eight 1.25-cm diameter cores were taken from each steak parallel to the muscle fiber orientation and sheared perpendicular to the fiber orientation on an INSTRON Model 5569 Universal Testing Machine (Canton, MA) equipped with a WarnerBratzler shear head. A 100-kg compression load cell was used with a crosshead speed of 250 mm/min. Shear force was determined for each core, and the mean of 8 core samples was calculated.
Statistical Analyses
The experiment was designed as a randomized complete block experiment with pen as the experimental unit. The MIXED procedure of SAS version 9.2 (SAS Inst. Inc., Cary, NC) was used to analyze performance, carcass, and shear force data. Incidence of liver abscess and USDA quality grade were analyzed using the GLIMMIX procedure of SAS as the distribution of data is binomial. Models included Ca as the fixed effect and block as the random effect. For performance data, pretreatment BW, ADG, DMI, and G:F were utilized as covariates for final BW, ADG, DMI, and G:F. The LSMEANS statement was used for means and standard error calculations and the PDIFF option was used for separation of means. Separation of means was determined to be significant at  level  0.05.
RESULTS AND DISCUSSION
One animal from the −Ca treatment was removed from the study due to a physical injury.
Final BW, ADG, DMI, and feed efficiency (Table  2) were not different for heifers fed −Ca and +Ca (P > 0.05). In agreement with our results, Jackson and Hemken (1994) performed a study to evaluate effects of Ca and cation-anion balance in Holstein calves. Calcium concentrations were 0.42 or 0.52% of diet DM, yielding dietary anion-cation balances of 18 or +13 for the low and high Ca concentrations, respectively. The authors observed no differences in ADG or DMI (P > 0.05) between the 2 Ca concentrations, indicating that the 0.42% Ca concentration was adequate. Varner and Woods (1972) conducted 2 trials that used 24 steers/trial. Each trial lasted 137 d; steers were fed diets that contained 0.20, 0.31, 0.42, or 0.53% (diet DM) Ca. The authors observed an increase in ADG, DMI, and feed efficiency when steers were supplemented with 0.31 and 0.42% Ca (P < 0.05), but they found no further improvement with 0.53% Ca supplementation. Cattle in the study performed by Varner and Woods (1972) were fed Ca-deficient diets for a longer period of time than heifers in our experiment, possibly explaining the contrasting results. The 25-d depletion of Ca in the current experiment may not have been sufficient to observe differences in animal performance. Cattle that are beyond the primary stage of bone growth can be fed Ca-deficient diets for an extended period of time without developing signs of Ca deficiency if previous Ca intake was adequate (NRC, 1996) . Our results indicate that temporary depletion of Ca did not affect performance of feedlot heifers.
Tenderness is 1 of the most important characteristics of meat for consumer acceptance (Koohmaraie, 1992) . Removing supplemental Ca from the diet had no effect on WBSF values (P > 0.05; Table 4 ). In addition, percentage moisture lost as purge and during cooking was not affected by Ca depletion (P > 0.05). Duckett et al. (2001) administered Ca gel to steers 3 to 6 h before slaughter and analyzed WBSF values at 2, 4, 7, 14, and 28 d postmortem. The authors observed lower WBSF values on d 4 and 7 of postmortem aging (P < 0.05), but in agreement with our results, no difference in WBSF values were detected at 14 d postmortem (P > 0.05) between steaks from treated and untreated cattle. In agreement with our study, Spears et al. (2003) observed that adding Ca propionate at 4% (as fed) to diets of steers 7 d before slaughter did not affect WBSF values (P > 0.05). Lack of effect on WBSF in the current study may suggest that we can't substantially alter intracellular Ca concentration by this method or that a 3-d replenishment period was enough time for the heifers to reach plasma Ca homeostasis. Pickard (1975) demonstrated that dairy cows' plasma Ca levels returned to normal 2 d after calving in all cows tested. Another explanation for the lack of an effect on tenderness may be an insufficient amount of Ca in the diet during replenishment to increase intracellular Ca. Thilsing-Hansen et al. (2002) indicated that dairy diets need to provide fewer than 20 g of Ca daily to release PTH. In our study, heifers fed the −Ca diet consumed approximately 26 g/d, which may not have been sufficiently low to activate homeostatic mechanisms.
Carcass characteristics in this study were unaffected by supplemental Ca (P > 0.05; Table 3 ). Varner and Woods (1972) observed no differences in carcass characteristics when steers were fed diets containing 0.20, 0.31, 0.42, or 0.53% (diet DM) Ca. In addition, Duckett et al. (2001) and Spears et al. (2003) observed no differences in carcass traits when steers were administered Ca gel 3 to 6 h before slaughter or Ca propionate 7 d before slaughter, respectively. The lack of differences in carcass measurements may be attributed to adequate storage of Ca in bone of research 2 Marbling scores were determined by a USDA grader; Slight = 300 to 399, Small = 400 to 499, Modest = 500 to 599.
3 Low grade indicates c-maturity. 2 Purge loss refers to the amount of moisture lost during the aging process.
3 Moisture lost during the cooking process when LM steaks were cooked to an internal temperature of 70°C.
animals to negate Ca deficiencies commonly found in young animals that have received inadequate dietary Ca (NRC, 1996) .
In conclusion, temporarily depleting Ca from finishing diets during ZH supplementation did not affect WBSF values, carcass traits, or live performance, indicating we were unable to improve tenderness through temporary depletion of dietary Ca.
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